Abstract
52
The objective of this study is to quantify the environmental benefits that digital fabrication can provide 53 to the construction sector and define for which processes these construction techniques have a clear 
From 3D printing to digital fabrication in architecture 64
The first three dimensional printing (3DP) technologies arrived during the 1980s to more efficiently new era towards the mass customisation of products (Berman, 2012) .
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3DP has experienced rapid development in recent years, and more materials can now be used in 76 these processes. The size of these technologies has also rapidly increased, showing the potential to 77 build large and complex-shaped structures by printing. As interest in additive manufacturing has M A N U S C R I P T A C C E P T E D 
132
ozone depletion (kg CFC-11 eq.), human toxicity (kg 1.4-DB eq.), terrestrial acidification (kg SO 2 eq.),
133
freshwater eutrophication (kg P eq.), terrestrial ecotoxicity (kg 1.4-DB eq.), freshwater ecotoxicity (kg 134 1.4-DB eq.), water depletion (m 3 ), metal depletion (kg Fe eq.) and fossil depletion (kg oil eq.).
136

Description of the Mesh Mould construction technique 137
Contemporary architecture has evolved towards a new culture based on the integration of design, 
152
5
Case study 153
The Mesh Mould construction technique was selected as a case study for the following LCA evaluation 154 because of its formal and functional flexibility, which is adaptable from conventional to highly complex 
161
The concrete in the Mesh Mould wall is more demanding than that from the conventional technique.
162
The properties of the concrete influence the protrusion rate through the mesh and the roughness of Table 1 . ETHZ IFB concrete and C25/30 concrete mix composition.
176
The difference in environmental impacts between an ordinary C25/30 concrete and the ETHZ IFB 177 high-performance concrete mix was investigated in the LCA comparison, which is shown in Figure 2 .
178
The graph shows that the difference between the contribution to climate change of 1 cubic meter (m 
239
The formwork for the conventional wall consisted of three-layered laminated boards of spruce veneers
240
(PERI, 2015). The formwork consisted of two panels with a nominal thickness of 21 mm, and we 241 considered 10 times reuse (Malpricht, 2010). In scenario 1, we increased the complexity of the 242 structure for a curved wall, so no formwork reuse was assumed. Additional softwood boards were 243 used to support the facing of the three-layered panels and control the deformation of the concrete 244 surface. In scenario 2, the complexity of the wall was increased compared to the previous scenario, 
258
(1,500 mm/min) and power (600 W) of a 2-axis wire-cutting machine. Finally, we considered the landfill 259 deposition of the polystyrene after use. The LCI of the formwork in each scenario is summarized in 260 
315
The relative contributions from the production processes of a complex double-curved wall with 316 polystyrene formwork to the different impact categories are depicted in Figure 7 . We can observe the 317 high impact of the epoxy resin for the formwork covering, which is responsible for 45% of the climate 318 change emissions, 64% of terrestrial acidification, 60% of water depletion and 69% of fossil depletion.
319
Moreover, the production of the polystyrene mostly influences the ozone depletion indicator (17%).
320
Finally, the landfilling of the formwork after one reuse highly contributes to ecotoxicity. 
Sensitivity analysis 330
The results show that the digital fabrication process induces greater environmental impacts than the 
357
The graph demonstrates that the CO 2 emissions of the digitally fabricated wall are 12% lower than the 
387
During the initial analysis, the volume fraction value that was assumed for the reinforcement of the value with a minimum and maximum reinforcement content. On the one hand, distributing steel only
390
where it is structurally necessary could potentially reduce the steel volume fraction of r MM,min = 0.5%.
391
On the other hand, the structural performance of the wires in a bearing wall could increase the 392 reinforcement content, with a steel volume fraction of r MM,max = 1.5%. 
414
Scenarios for the digitally fabricated wall:
415
• Best scenario: The optimal performance of the Mesh Mould wall is characterised by a minimal 416 reinforcement steel volume fraction of r MM,min =0.5% and a lower wall thickness of t MM,min = 0.1 m,
417
which is the limit from the slenderness criteria.
418
• Reference scenario: The initially considered Mesh Mould wall has a reinforcement of r MM =0.7%
419
and a wall thickness of t wall = 0.2 m.
420
• Worst scenario: Buckling failure might require a wall thickness of t MM = 0.2 m, and additional
421
complications with the mesh could lead to a reinforcement steel content of r MM,max = 1.5%.
422
Scenarios for conventional construction: 
429
The range of environmental impacts from the best-and worst-case scenarios and as well as the initial digitally fabricated wall compared to the complexity-dependent impacts of the conventional wall are 
487
This observation leads to a second question regarding complexity in architecture as an enlightenment 
494
essentially human, and humans will gratify it wherever they can". This author also wrote that "the 495 machine will then produce ornament willed by the designer as naturally as did the handtools of the artist craftsman. Then there will be proper and excellent ornament, differing from traditional ornament as our culture differs from those of the past. The public will buy it as the good things of the past were M A N U S C R I P T
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bought by that public, and greater numbers will be economically able to do so. This is the real manner
499
in which the machine may raise our standard of living." 
523
Digital fabrication can facilitate the production of elements with higher complexity without increasing 524 the environmental costs, as is usually observed in conventional construction, which could contradict 525 the traditional observation pattern that increasing complexity, while initially effective, accumulates and 526 induces diminishing returns, undermining the ability to solve future problems. In that sense, this study 527 matches the common understanding of the digital revolution as the third moment in humanity when an 528 increase in system complexity allowed positive feedback (Gershenfeld, 2012) . These occasions have 529 been so rare that they are designated with terms that signify a new era, namely, the Agricultural
530
Revolution and the Industrial Revolution. These events were followed by great expansions in the 531 number of humans, wealth and complexity of societies.
533
Conclusions 534
In this study, the environmental impact of an innovative digital fabrication construction was compared to a similar structure that was built with conventional construction techniques. The results showed that M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT complex structures are built. In this study, we confirmed that the environmental impact of the Mesh complexity was achieved without additional environmental costs, so the potential benefit of digital 540 fabrication increased proportionally to the level of complexity of the structure. This result is a 541 quantitative argument to position digital fabrication at the beginning of a new era, which is often called 542 the Digital Age in many other disciplines. This analysis also showed that the current Mesh Mould 543 system can environmentally compete with conventional structures, which have a high degree of both 544 formal and structural complexity. However, the results highlighted the need for improvement to 545 compete at a lower degree of complexity. In this case, high thickness reduction must be achieved 546 without compromising the structural performance. Finally, this study also raised the attention of the 547 need to justify complexity from an environmental point of view to avoid the risk of complexifying a 548 socio-technical system for no real mean. 
